Chlorophyll concentration and diatoms in the sediment cores from the East and South China Seas and their environmental indications by 邓晨希
 
学校编码：10384                               分类号      密级       
学号：21620101152357                                    UDC       
 
 




Chlorophyll concentration and diatoms in the sediment 
cores from the East and South China Seas and their 
environmental indications 
邓 晨 希 
指导教师姓名：高亚辉  教  授 
专 业  名 称：水 生 生 物 学 
论文提交日期：2013 年  07 月 
论文答辩时间：2013 年  09 月 
学位授予日期： 
 
答辩委员会主席：           
          评    阅    人：____________ 




































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的





































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







































摘  要 ................................................ I 
Abstract.............................................. IV 
第一章  前言 ........................................... 1 
1.1 叶绿素 ............................................................................................................ 1 
1.1.1 叶绿素及其环境意义.......................................................................... 1 
1.1.2 叶绿素的研究方法.............................................................................. 1 
1.1.3 沉积物叶绿素与水体演变关系的研究.............................................. 2 
1.2 硅藻 ................................................................................................................ 3 
1.2.1 沉积硅藻及其环境意义....................................................................... 3 
1.2.2 沉积硅藻的研究方法.......................................................................... 8 
1.2.3 沉积硅藻与水体演变关系的研究....................................................... 8 
1.3 研究区概况 .................................................................................................... 9 
1.3.1 东海研究区概况.................................................................................. 9 
1.3.2 南海研究区概况................................................................................ 13 
1.4 本论文的研究内容、目的和意义 .............................................................. 17 
第二章 材料与方法 ..................................... 19 
2.1 实验材料 ...................................................................................................... 19 
2.2 实验仪器 ...................................................................................................... 22 
2.3 实验方法 ...................................................................................................... 22 
2.3.1 沉积物中叶绿素 a 的测定方法........................................................ 22 
2.3.2 沉积物中硅藻样品处理.................................................................... 23 
2.3.3 数据分析............................................................................................ 24 
2.3.4 生物多样性指数................................................................................ 24 
















3.1 东海 zc13 站位 ............................................................................................. 25 
3.1.1 东海 zc13 站位沉积物柱样中叶绿素 a 的含量 .............................. 26 
3.1.2 东海 zc13 站位沉积物柱样中硅藻的种类组成 .............................. 28 
3.1.3 东海 zc13 站位沉积物柱样硅藻细胞丰度的垂直分布 .................. 34 
3.1.4 东海 zc13 站位沉积物柱样中硅藻种属数量的垂直变化 .............. 36 
3.1.5 东海 zc13 站位沉积物柱样中微型硅藻的分布情况 ...................... 38 
3.1.6 东海 zc13 站位沉积物柱样中硅藻休眠孢子的垂直分布 .............. 39 
3.1.7 新纪录种的特征描述........................................................................ 40 
3.2 东海 dc11 站位 ............................................................................................. 41 
3.2.1 东海 dc11 站位沉积物柱样中叶绿素 a 的含量 .............................. 42 
3.2.2 东海 dc11 站位沉积物柱样中硅藻的种类组成 .............................. 44 
3.2.3 东海 dc11 站位沉积物柱样中硅藻细胞丰度的垂直分布 .............. 50 
3.2.4 东海 dc11 站位沉积物柱样中硅藻种属数量的垂直变化 .............. 52 
3.2.5 东海 dc11 站位沉积物柱样中微型硅藻的分布情况 ...................... 53 
3.2.6 东海 dc11 站位沉积物柱样中硅藻休眠孢子的垂直分布 .............. 54 
3.3 南海 19 站位 ................................................................................................ 55 
3.3.1 南海 19 站位沉积物柱样叶绿素 a 的含量...................................... 56 
3.3.2 南海 19 站位沉积物柱样中硅藻的种类组成.................................. 58 
3.3.3 南海 19 站位沉积物硅藻细胞丰度的垂直分布.............................. 64 
3.3.4 南海 19 站位沉积物柱样硅藻种属数量的垂直变化...................... 66 
3.4 南海 63 站位 ................................................................................................ 67 
3.4.1 南海 63 站位沉积物柱样中叶绿素 a 的含量.................................. 68 
3.4.2 南海 63 站位沉积物柱样中硅藻的种类组成.................................. 70 
3.4.3 南海 63 站位沉积物柱样中硅藻细胞丰度的垂直分布.................. 76 
3.4.4 南海 63 站位沉积物柱样中硅藻种属数量的垂直变化.................. 78 
3.5 东海和南海 4 个站位沉积物柱样硅藻的多样性分析 .............................. 79 
3.5.1 东海 zc13 站位沉积物柱样硅藻的多样性分析 .............................. 79 
















3.5.3 南海 19 站位沉积物柱样硅藻的多样性分析 ................................. 81 
3.5.4 南海 63 站位沉积物柱样硅藻的多样性分析 ................................. 82 
3.6 东海和南海 4 个站位沉积物柱样各项指标的相关性分析 ...................... 83 
3.6.1 东海 zc13 站位沉积物柱样各项指标相关性分析 .......................... 83 
3.6.2 东海 dc11 站位沉积物柱样各项指标相关性分析 ......................... 84 
3.6.3 南海 19 站位沉积物柱样各项指标相关性分析 ............................. 85 
3.6.4 南海 63 站位沉积物柱样各项指标相关性分析 ............................. 85 
第四章 讨论 ........................................... 87 
4.1 东海沉积硅藻的环境指示意义 .................................................................. 87 
4.1.1 东海 zc13站位沉积物柱样中叶绿素 a含量和硅藻对海洋环境的指
示意义.......................................................................................................... 87 
4.1.2 东海 dc11站位沉积物柱样中叶绿素 a含量和硅藻对海洋环境的指
示意义.......................................................................................................... 90 





4.3 我国海域富营养化发展状况 .................................................................... 101 
4.4 硅藻对海域硅含量减少的响应 ................................................................ 102 
4.5 硅藻微型化的发展趋势 ............................................................................ 103 
第五章 小结与展望 .................................... 105 
5.1 小结 ............................................................................................................ 105 
5.2 本研究的创新点 ........................................................................................ 108 
5.3 展望 ............................................................................................................ 108 
















图版 ................................................ 118 
硕士研究生期间参与课题及发表论文 ..................... 126 





















Abstract in Chinese .................................... I 
Abstract in English ................................... IV 
Chapter 1. Introduction ................................ 1 
1.1 Chlorophyll ..................................................................................................... 1 
1.1.1 Chlorohyll and their environmental significance .................................. 1 
1.1.2 Analysis method of chlorophyll ............................................................ 1 
1.1.3 Research between chlorophyll and aquatic changes ............................. 2 
1.2 Diatoms ........................................................................................................... 3 
1.2.1 Diatoms in sediment and their environmental significance .................. 3 
1.2.2 Analysis method of diatoms in sediment .............................................. 8 
1.2.3 Research between diatoms in sediment and aquatic changes ............... 8 
1.3 Introduction of the study area ...................................................................... 9 
1.3.1 Introduction of the East China Sea ....................................................... 9 
1.3.2 Introduction of the South China Sea ................................................... 13 
1.4 Purpose and main contents of the present study ....................................... 17 
Chapter 2. Materials and Methods ...................... 19 
2.1 Material ......................................................................................................... 19 
2.2 Main instruments and equipments ............................................................. 22 
2.3 Methods ......................................................................................................... 22 
2.3.1 Chlorophyll a concentration analysis .................................................. 22 
2.3.2 Sediment sample processing ............................................................... 23 
2.3.3 Data analysis ....................................................................................... 24 
2.3.4 Biodiversity index ............................................................................... 24 
















3.1 Site zc13 of the East China Sea ................................................................... 25 
3.1.1 Concentration of chlorophyll a ........................................................... 26 
3.1.2 Diatom composition in sediment ........................................................ 28 
3.1.3 Diatom abundance distribution ........................................................... 34 
3.1.4 Diatom species and genera distribution .............................................. 36 
3.1.5 Nanodiatom distribution ..................................................................... 38 
3.1.6 Diatom resting spores distribution ...................................................... 39 
3.1.7 Description of new recorded species .................................................. 40 
3.2 Site dc11 of the East China Sea ................................................................... 41 
3.2.1 Concentration of chlorophyll a ........................................................... 42 
3.2.2 Diatom composition in sediment ........................................................ 44 
3.2.3 Diatom abundance distribution ........................................................... 50 
3.2.4 Diatom species and genera distribution .............................................. 52 
3.2.5 Nanodiatom distribution ..................................................................... 53 
3.2.6 Diatom resting spores distribution ...................................................... 54 
3.3 Site 19 of the South China Sea .................................................................... 55 
3.3.1 Concentration of chlorophyll a ........................................................... 56 
3.3.2 Diatom composition in sediment ........................................................ 58 
3.3.3 Diatom abundance distribution ........................................................... 64 
3.3.4 Diatom species and genera distribution .............................................. 66 
3.4 Site 63 of the South China Sea .................................................................... 67 
3.4.1 Concentration of chlorophyll a ........................................................... 68 
3.4.2 Diatom composition in sediment ........................................................ 70 
3.4.3 Diatom abundance distribution ........................................................... 76 
3.4.4 Diatom species and genera distribution .............................................. 78 
3.5 Diversity analysis ......................................................................................... 79 
3.5.1 Diversity analysis of the East China Sea site zc13 ......................... 79 
















3.5.3 Diversity analysis of the South China Sea site 19........................... 81 
3.5.4 Diversity analysis of the South China Sea site 63........................... 82 
3.6 Correlation analysis ..................................................................................... 83 
3.6.1 Correlation analysis of the East China Sea site zc13 ..................... 83 
3.6.2 Correlation analysis of the East China Sea site dc11 ..................... 84 
3.6.3 Correlation analysis of the South China Sea site 19 ...................... 85 
3.6.4 Correlation analysis of the South China Sea site 63 ...................... 85 
Chapter 4. Discussion ................................. 87 
4.1 Environmental significance in the East China Sea ................................... 87 
4.1.1 Environmental significance of chlorophyll a and diatom in sediment 
zc13 .............................................................................................................. 87 
4.1.2 Environmental significance of chlorophyll a and diatom in sediment 
dc11 .............................................................................................................. 90 
4.2 Environmental significance in the South China Sea ................................. 94 
4.2.1 Environmental significance of chlorophyll a and diatom in sediment 
19.................................................................................................................. 94 
4.2.2 Environmental significance of chlorophyll a and diatom in sediment 
63.................................................................................................................. 97 
4.3 Eutrophication progress ............................................................................ 101 
4.4 Diatom response to aquatic siliceous decreasing ..................................... 102 
4.5 Diatom minimization trend ....................................................................... 103 
Chapter 5. Conclusion and Prospect ................... 105 
5.1 Conclusion .................................................................................................. 105 
5.2 Research originality ................................................................................... 108 
5.3 Prospect ....................................................................................................... 108 
















Plates .............................................. 118 
Published papers and participated research projects .. 126 



























为 53、22、30 和 24 cm；所对应的年代分别为 1951 年-2010 年、1790 年-2010
年、1976 年-2011 年、距今 4400 年前-2011 年），分析、测定了其中的叶绿素 a
含量和硅藻种类组成和数量，阐述了叶绿素 a 含量和硅藻的分布特征对海洋环境
的指示意义，主要研究结果如下： 
1. 东海沉积物柱样 zc13 中，共鉴定到硅藻门的种类 138 种，它们隶属于 32
属, 优势种 9 种，分别是中肋骨条藻 Skeletonema costatum、具槽直链藻 Melosira 
sulcata 、菱形海线藻 Thalassionema nitzschioides 、佛氏海毛藻 Thalassiothrix 
frauenfeldii、条纹小环藻 Cyclotella striata、辐射明盘藻 Hyalodiscus radiatus、多列拟
菱形藻 Pseudo-nitzschia multiseries、减小圆筛藻 Coscinodiscus decrescens、波状辐裥
藻 Actinoptychus undulates；叶绿素 a 的沉积物干重含量范围为 0.22-3.53 μg/g，硅
藻丰度范围(0.20-4.38)×105 valves/g。东海沉积物柱样 dc11 中，共鉴定到硅藻门
的种类 65 种，它们隶属于 21 属，优势种 8 种，分别是中肋骨条藻、江河骨条藻
S. potamos、佛氏海毛藻、柱状小环藻 C. stylorum、条纹小环藻、具槽直链藻、维
廷圆筛藻 C. wittianus、波状辐裥藻；叶绿素 a 的沉积物干重含量的变化范围为
0.22-2.72 μg/g，硅藻丰度范围为(0.05-11.38)×105 valves/g。南海沉积物柱样 19 中，
共鉴定到硅藻门的种类 71 种，它们隶属于 32 属，优势种 3 种，分别是条纹小环
















硅藻丰度范围为(0.52-1.47) ×105 valves/g。南海沉积物柱样 63 中，共鉴定到硅藻
门的种类 82 种，它们隶属于 24 属，优势种 3 种，它们分别是结节圆筛藻 C. 
nodulifer、菱形海线藻和佛氏海毛藻；叶绿素 a 的沉积物干重含量的范围为
0.22-4.07 μg/g，硅藻丰度范围为(12.54-3.31 ) ×105 valves/g。 
2. 对 4 个站位的硅藻生物多样性的分析结果表明，东海 zc13 站位和南海 19
站位的 Shannon-Weaner 多样性指数（H′）随着时间的推移呈上升趋势,变幅分
别为 1.88-4.98和 2.36-4.20；东海 dc11站位和南海 63站位的 Shannon-Weaner
多样性指数（H′）随着时间的推移呈下降趋势，变幅分别为 1.90-3.32 和
1.13-2.24 。 








推近出现了水体富营养化。将东海 dc11 站位沉积物柱样划分为 2 个带，本站位
硅藻组合变化总体趋势与 zc13 站位相似，同样反映了沿岸河口沉积环境以及水
体富营养化的发展。将南海 19 站位沉积物柱样划分为 4 个带，各带硅藻组合基
本相似，沿岸硅藻种类始终占有优势地位，反映了此站位沉积时期的气候为河口
近岸环境，受河口冲淡水影响随着时间的推移有所增强，并在 20世纪 90年代初
期为最暖时期。将南海 63 站位沉积物柱样划分为 4 个带，硅藻组合主要以佛氏
海毛藻为优势，反映了此站位沉积环境为热带-亚热带远洋环境，并在约距今
1700年前沉积气候为最暖。 
5. 从 20 世纪 90 年代初期开始到 21 世纪初期我国东海两个柱样中赤潮生物
中肋骨条藻含量越来越高，到最后占领绝对优势地位，含量分别达到了 zc13 站
























特别是进入 21 世纪后，骨条藻属、海链藻属的微型硅藻处于绝对优势的地位。 
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